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ABSTRACT

Background. The General Health Questionnaire (GHQ) is the most popular screening instrument
for detecting psychiatric disorders in community samples. Using longitudinal data of a large sample
of UK twin pairs, we explored (i) heritabilities of the four scales and the total score; (if) the genetic
stability over time; and (iii) the existence of differential heritable influences at the high (ill) and low
(healthy) tail of the distribution.

Method. At baseline we assessed the GHQ in 627 MZ and 1323 DZ female pairs and at a second
occasion (3-5 years later) for a small subsample (90 MZ and 270 DZ pairs). Liability threshold
models and raw ordinal maximum likelihood were used to estimate twin correlations and to fit
longitudinal genetic models. We estimated extreme group heritabilities of the GHQ distribution
by using a model-fitting implementation of the DeFries—Fulker regression method for selected twin
data.

Results. Heritabilities for Somatic Symptoms, Anxiety, Social Dysfunction, Depression and total
score were 0-37, 0-40, 0-20, 0-42 and 0-44, respectively. The contribution of shared genetic factors
to the correlations between time points is substantial for the total score (73 %). Group heritabilities
of 0-48 and 0-43 were estimated for the top and bottom 10% of the total GHQ score distribution,
respectively.

Conclusion. The overall heritability of the GHQ as a measure of psychosocial distress was sub-
stantial (44 %), with all scales having significant additive genetic influences that persisted across
time periods. Extreme group analyses suggest that the genetic control of resilience is as important
as the genetic control of vulnerability.

INTRODUCTION

In this paper genetic model-fitting results of the
scaled General Health Questionnaire, measured
longitudinally in a large sample of UK twin
pairs, are presented. The General Health Ques-
tionnaire (GHQ) (Goldberg, 1972) is the most
widely used screening instrument for detecting

! Address for correspondence: Dr F. V. Rijsdijk, SGDP Centre,
Institute of Psychiatry, PO Box 80, London, SES 8AF.

psychiatric disorders in community and non-
psychiatric clinical settings (Goldberg & Hillier,
1979; Goldberg & Williams, 1988). The GHQ
items were chosen to differentiate psychiatric
cases from non-cases. The content of the items
refers to psychosocial distress and dysfunction.
An individual’s GHQ score gives a rough indi-
cation of the severity of psychological distress
at the time the questionnaire is completed. This
means that increasing total scores are associated
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with increasing probability of being ‘diagnosed’
by apsychiatrist (Goldberger al. 1997 ; Furukawa
& Goldberg, 1999). The GHQ concentrates its
items at the less differentiated level of emotional
distress and does not aim to detect functional
psychoses. '

This is the first study to investigate the GHQ
in a genetically sensitive design in a large sample
of twins. What would be predicted about the
genetic architecture? Since the GHQ-28 is a state
measure (questioning ‘the last couple of weeks”)
focusing on disruptions in normal functioning
rather than on life-long traits or long-standing
conditions, one would not expect to find high
heritable influences determining individual dif-
ferences in the scores. Heritability estimates
should not be higher than those for trait anxiety
or 1-year prevalence of major depression, which
are in the range 30-45% (Kendler er al. 1994,
1995; Roy et al. 1995).

The longitudinal nature of our data enables
the investigation of the genetic structure of the
changes in psychiatric disturbance that occur
with time (chronicity). Because the GHQ is a
state measure, modest heritabilities and modest
correlations between time point 1 and 2 are ex-
pected. Genetic factors are not expected to be
the main cause of the phenotypic longitudinal
correlation. We also tested the existence of dif-
ferential heritable influences at the high (ill) and
low (healthy) tail of the GHQ distribution.

METHOD

The study cohort was comprised of 749 mono-
zygotic (MZ) and 1651 dizygotic (DZ) female
twin pairs aged 18-79 years from the St Thomas’
UK Adult Twin Registry (Andrew et al. 2001).
Twins were ascertained from the general popu-
lation through a UK nationwide media cam-
paign conducted between 1992 and 1996 (for
details see Spector et al. 1996). The twins were
recruited to participate in a variety of studies
without any exclusives or details of particular
diseases or hypotheses (Hammond et al. 2000;
Bataille et al. 2000). The majority of the
volunteer sample consisted of healthy post-
menopausal women who were invited to the
Twin Research Unit at St Thomas’ Hospital
for a full medical examination. A higher pro-
portion of DZ compared to MZ twins have been
called for interview, as a major goal of subject
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recruitment was to obtain genotype data for
linkage studies, and MZ twins are not infor-
mative for linkage. All subjects completed a
nurse-administered questionnaire, relating to
their twin history, medical history and to en-
vironmental and life-style variables that could
be potential confounders of the physical pheno-
types under study. Among these variables were
social class (as measured by present occupation
of self and partner) and GHQ scores. Zygosity
was determined by standard questionnaire
method (Cederlof et al. 1961), and DNA finger-
printing was used for confirmation.

The GHQ scores were obtained on attending
St Thomas’ Hospital. At the baseline visit, full-
pair GHQ data were available for 627 MZ and
1323 DZ pairs (mean age, 47-7;s.D., 12-4). For a
small group of early twins (90 MZ and 270 DZ
pairs) who were invited back for a fuller exam-
ination, GHQ data was assessed on a second oc-
casion. The mean time-lag between the first and
second visit is 3-5 years (min=0-9 years, max =
65 years). For discussing heritability estimates
of the scale and total scores we will focus on the
large baseline sample.

The General Health Questionnaire (GHQ)

The GHQ score was determined using the 28-
item scaled version (GHQ-28). The scaled GHQ
is derived by factor analysis and consists of
four subscales of seven items each: Somatic
Symptoms (factor A), Anxiety and Insomnia
(factor B), Social Dysfunction (factor C) and
Severe Depression (factor D). The questions ask
subjects to compare their states in the past few
weeks to their usual state, and measured the
extent to which there was a discrepancy between
the two. Responses were scored using a Likert
scale (0-3) and the items are summed to gener-
ate scale scores assuming that they represent the
scale to the same degree (Cronbach’s alpha for
scale A=0-83, B=0-88, C=0-80 and D=0-91).
To separate cases versus normals in order to es-
tablish prevalence of illness in a population and
to detect cases of ‘hidden psychiatric illness’ in
general medical clinics, a threshold can be ap-
plied to the total score. For genetic model fitting,
to estimate heritability components, we used the
full distribution of the summed item score for
each scale as well as the overall total score. To
account for the wide age range, scales and the
total score were age-regressed.
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Statistics
Genetic model-fitting

Genetic model-fitting is used to investigate the
relative contribution of genetic and environ-
mental influences to individual differences in the
scale scores and total GHQ score. The pheno-
typic variance is decomposed into: additive
genetic variation, A, (i.e. the sum of the average
effects of the individual alleles at all loci); shared
environmental variation (C); and a unique en-
vironmental component (E) that is not shared
by family members. No non-additive genetic
influences (interactions between alleles at the
same locus, dominance genetic variation) or on
different loci (epistasis) were considered. From
biometrical genetic theory we are able to write
structural equations relating observed traits of
twins to their underlying genotypes and environ-
ments. The relative magnitude and importance
of these factors (the model parameters) can be
inferred by fitting the observed correlations
between twins to the predicted correlations ac-
cording to the hypothesized model (ACE, AE,
CE or E). A structural equation modelling pro-
gram is used to estimate model parameters
by minimizing a goodness-of-fit statistic (x%)
between observed and predicted covariance
matrices. Data can be entered as summary stat-
istics (e.g. covariance matrices) or raw data. Raw
data analysis allows greater flexibility, because
it automatically handles many missing data
problems.

Because all log-transformed age-regressed
scale scores (except the Severe Depression scale)
showed reasonable normality, raw maximum
likelihood model fitting analyses were conducted
on transformed continuous variables, using the
program Mx (Neale, 1999). When analysing
models with raw data, minus twice the log-
likelihood (—2*LL) of the data for each ob-
servation is calculated. This implies that there is
no overall measure of fit, but there are relative
measures of fit, since differences in fit function
between submodels are distributed as y%. The
goodness-of-fit of e.g. the full ACE model is
measured relative to a perfect fitting (saturated)
model. In a saturated model, the maximum
number of parameters is estimated to describe
the correlational structure between variables.
For example, for the longitudinal correlation
matrix in one group (MZ or DZ) that would be
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10 parameters: four variances (of twin 1 and
twin 2 at time 1 and 2); two within-twin cross-
time correlations; two cross-twin within-time
correlations; and two cross-twin cross-time
correlations.

A non-significant y? value suggests that the
model is consistent with the data, whereas a
significant x® value (P<0-05) suggests that the
model poorly fits the data and can be rejected.
Goodness-of-fit of alternative, nested models
were evaluated by changes in . For example,
the fit of a reduced model (e.g. AE) will be better
(i.e. the dropped parameter C will be non-sig-
nificant) if the difference in ¥ for one degree-
of-freedom does not exceed the critical value
(at the 0-05 level) of 3-84. Information about the
precision of parameter estimates (and their ex-
plained variance) was obtained by likelihood-
based confidence intervals (CIs) rather than
standard errors (Neale & Miller, 1997).

Raw ordinal analysis

Since the Severe Depression scale was highly
skewed, model fitting analyses were conducted
on raw ordinalized data. Mx provides a method
for analysing categorized data by using raw
ordinal maximum likelihood estimation. Essen-
tially, the model predicts proportions of twin
pairs that should exist for the various possible
patterns of responses from two twins, assuming
a multivariate normal distribution. Observed
frequencies in each category are translated in
proportions under an assumed normal distri-
bution by estimating associated thresholds
(z values). Maximum likelihood for ordinal data
provides better correlation estimates and better-
fitting models for non-normally distributed data.
In addition, the raw data approach facilitates
inclusion of subjects with incomplete data. The
age-regressed Severe Depression scores were
ordinalized in four categories (three thresholds).
Because variances cannot be estimated when
thresholds are estimated, they are constrained
to unity, and the number of parameters and
observed statistics per zygosity group reduces to
six in the saturated model.

A test of bivariate normality was performed
on the categorised twin 1 and twin 2 Severe
Depression scores. This test assesses the fit of a
simple correlational model to the MZ and DZ,
4 x 4 contingency tables, in which the correlation
and one set of thresholds were specified as free



796

parameters. Since the fit of this model is only
marginally significant for both MZ and DZ
pairs (xfy=20-8, P=0-04, x%,,)=20-5, P=0-04,
respectively) and categorizing the scale in fewer
classes (three or two) would mean consider-
able loss of valuable distributional information,
we decided to perform analyses on the four-
cotomous data.

Longitudinal genetic analyses

The difference in cross-twin within-time corre-
lations between MZ and DZ pairs give an indi-
cation of the sources of variance in the model:
DZ correlations that are approximately half
that of the MZ correlations are an indication
that heritable influences play a role. Similarly,
the difference in cross-twin cross-time corre-
lations between MZ and DZ pairs are indicative
of the sources of variance that determine the
correlation over time.

The genetic structure of the time 1 and time 2
data (and the correlation over time) was ana-
lysed in a bivariate (two-time point) genetic
model. In the bivariate model the A, C and E
matrix are specified in a triangular (Cholesky)
decomposition. This decomposition implies as
many (Genetic and Environmental) latent fac-
tors as variables. In, for example, the genetic
matrix, factor A, influences the phenotype at
time 1 (a.) and time 2 (a;), whereas factor A,
only influences the phenotype at time 2 (a,). The
heritability, ¢ and e? for each time point can
be estimated, as well as the genetic, common
environmental and unique environmental cor-
relations between time points by standardizing
the A, C and E matrix, respectively.

It is possible to partition the phenotypic cor-
relation between time points in parts determined
by common genes, common shared and unique
environmental effects. The genetic contribution
to the phenotypic correlation is calculated by
hy*xrpxhy, where r, is the genetic correlation, and
h, and h, are standardized additive genetic path
estimates for time 1 and time 2, respectively
(Plomin et al. 2001).

Extreme group heritabilities

We estimated the group heritability of the top
and bottom 10% of the GHQ total score dis-
tribution. We used a model-fitting implemen-
tation of the DeFries—Fulker regression method
for selected twin data (Purcell & Sham, 2003),
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Table 1. Means (s.p.) of individual GHQ items,
scale scores and total score of whole sample for
time point 1 and 2

Time 1 Time 2

GHQ Mean (s.0.) Mean (s.p.)

A: Somatic Symptoms 3-87 (2-86) 4-04 (3-03)
N=3969 N=743

B: Anxiety 3-40 (2-:84) 3-49 (2-86)
N=4004 N=741

C: Social Dysfunction 709 (2:22) 717 (2°15)
N=3983 N=747

D: Severe Depression 0-89 (2:03) 0-82 (1-90)
N=3993 N=1750

Total Score 15:16 (7-61) 1543 (7-71)
N=3880 N=724

where an individual’s expected score is modelled
as a function of their co-twin’s proband status.
This method allows the estimation of likelihood-
based confidence intervals around the estimates.

RESULTS
Characteristics of the twin sample

Sociodemographic characteristics of the twin
sample show close agreement with non-twin
singleton samples (see for a detailed comparison
Andrew et al. 2001). At the second sampling
frame the twins were significantly older, 71 % of
the sample was older than 50, as compared to
47 % at the first visit. As a result, the proportion
of retired individuals at visit 2 is significantly
higher than visit 1. The means and standard
deviations of the GHQ factor scores and total
score of both time points are listed in Table 1.
The bias of older subjects at time 2 is not re-
flected in obvious differences in means between
time points.

Heterogeneity of means/thresholds

The means of the log-transformed Somatic
Symptoms, Anxiety and Social Dysfunction
scores, could be constrained equal across twin 1
and twin 2 without significant decline in fit
(Axty=36, P=0-46; 06, P=0-96; and 29,
P=0-57, respectively). However, means were
significantly different between MZ and DZ twin
pairs for these scales at time 1 only (Ay$y=83,
P=0-004; 7-1, P=0-008; and 9, P=0-003, re-
spectively), with DZ pairs having higher means.
Similar differences were observed for the means
of the log-transformed total score at time 1
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Table 2. Maximum likelihood estimation of twin-correlations (and 95 % CI) for the GHQ scales at

Somatic Symptoms Altwinl A2twinl Altwin2 A2twin2
Altwinl 1 0-44 0-19 (0:14-0-24) 0-18 (0-07-029)
A2twinl 0-45 ) 1 0-23 (0-13-0-33) 0-18 (0-07-0-29)
Altwin2 0-34 (0-28-0-41) 015 (—0-04-0-29) 1 052
A2twin2 0-22 (0-02-0-43) 0-40 (0-20-0-56) 0-29 1

Anxiety Bltwinl B2twinl Bltwin2 B2twin2
Bltwinl 1 0-44 0-20 (0-15-0-25) 0-15 (0-05-0-25)
B2twinl 0-55 1 0-25 (0-14-0-25) 0-35 (0-24-0+45)
Blitwin2 0-40 (0-34-0-47) 0-30 (0-12-0-46) 1 0-51
B2twin2 0-34 (0-12-0-51) 0-40 (0-20-0-56) 0-46 1

Social Dysfunction Cltwinl C2twinl Citwin2 C2twin2
Cltwinl 1 0-22 0-08 (0-03-0-14) 0-13 (0-02-0-25)
C2twinl 0-15 1 0-13 (0-01-0-2%) 0-14 (0-02-0-25)
Cltwin2 0-21 (0-14-0-29) 0-14 (- 0-03-0-31) 1 0-21
C2twin2 0-07 (—0-12-0-26) 0-30 (0-1-0-48) 014 1

Depression Dltwinl D2twinl Dltwin2 D2twin2
Dltwinl 1 0-45 024 (0-18-0-30) 0-22 (0-13-0-34)
D2twint 050 1 0-21 (0-08-0-33) 0-22 (0-09-0-35)
D1twin2 0-40 (0-31-0-47) 0-12 (—0-11-0-34) 1 0-58
D2twin2 0-31 (0-05-0-52) 0-33 (0-10--0-54) 0-28 1

Total Score Tltwinl T2twinl Tltwin2 T2twin2
Tltwinl 1 0-45 0-24 (0-19-0-29) 0-20 (0-09-0-30)
T2twinl 0-37 1 0-25 (0-14-0-35) 0-29 (0-19-0-41)
Titwin2 0-42 (0-35-0-48) 0-24 (0-06-0-41) 1 0-51
T2twin2 0-17 (—0-10-0-38) 0-44 (0-25-0-59) 0-33 1

Within-twin cross-time correlations (italic); cross-twin within-time correlations (bold); cross-twin cross-time correlations (italic bold). MZ

correlations are below, DZ correlations above diagonal.

(Axty=10-5, P=0-001). For the Depression
scale, thresholds could be constrained to be the
same across twins (Ayfz =9-2, P=0-69) but not
across zygosity groups (Axdsy=23, P<0-001).
These differences in means across zygosity
groups are addressed in the discussion.

Longitudinal (bivariate) genetic model-fitting

Table 2 shows the maximum likelihood esti-
mates of the within-time-point cross twins, the
cross-time-point within twin, and the cross-
time-point cross twins correlations (with 95%
CIs). These correlations suggest additive gen-
etic and shared environmental influences for ex-
plaining familiarity rather than dominance
genetic effects. The genetic model fitting results
are presented in Table 3. For all scale scores
(A, B, C and D) and the total score common
environmental influences could be dropped from
the full ACE model without significant decline
in fit (Axf)=0-1, 44, 0-1, 2 and 1-6, respect-
ively), whereas this was not the case for additive
genetic effects. The model in which individual
differences could be explained by unique en-
vironmental effects only (Model E) was re-
jected for all variables. In Table 4, heritability

estimates under the full ACE as well as the best-
fitting models are given for time 1 and 2. At time
1, heritability estimates for Somatic Symptoms,
Anxiety and Severe Depression were substantial:
37%, 40% and 42 %, respectively. For Social
Dysfunction, #* was estimated to be lower
(20%). The total GHQ score showed the highest
heritability: 44 % at time 1, and 51 % at time 2,
with lower ClIs of around 39% and upper CIs
of around 60 %.

Genetic stability

Indices of genetic and environmental influences
determining chronicity/stability over time are
given in Table 5. The genetic correlations be-
tween time points for all variables are high,
ranging from 0-69 to 0-80. These high genetic
correlations indicate that genes impacting at
time 1 are likely to also affect time 2. The con-
tribution of shared genetic factors to the pheno-
typic correlations between time 1 and time 2
are high for Somatic Symptoms, Anxiety, De-
pression and GHQ total score and estimated to
be between 65% and 73%. This implies that
environmental factors contribute less to the
stability/chronicity over time for these variables
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Table 3. Raw (Ordinal) model fitting results for longitudinal GHQ scale scores and GHQ total score
Genetic models
ACE AE CE E

Continuous —2LL  df gy  -2LL  df  xhy —2LL  df  yhy  —2LL  df Ayl
A:Somatic Symptoms  27269-5 4672 277** 272696t 4675 27-8% 272888 4675 47*** 274131 4678 171:3++*
B: Anxiety 309814 4721 95 309858t 4724 139 310061 4724 342%* 311858 4727 213.9%+
C:Social Dysfunction ~ 20774-5 4711 127 207746t 4714 128 207842 4714 22:4*** 208923 4717  67-5%%+
Total Score 26418 4587 135 264341 4590 151 26662 4790 37-9%** 28676 4593 239-3%**
Ordinal —2LL  df  x —2LL  df gy 2L df o —2LL  df  Aghm
D: Severe Depression  12667-8 4682 11:1* 126698t 4685 131 126786 4685 21:9%* 128178 4688 161-1%**

For the ordinal analysis, the 5 df for the full bivariate ACE model is derived by: 12 (20 observed statistics minus 8 variance constraints)
—7(9 estimated parameters minus 2 variance constraints). For the continuous analyses, the 11 df for the full bivariate ACE model is derived by:
20 observed statistics minus 9 estimated parameters; x* values are derived by, —2LL of Genetic model minus —2LL of Saturated model.

1 Best-fitting model.

* P<0-05;** P<0-01; *** P<0-001; all other x* comparisons, non-significant (> 0-05).

Table 4. Standardized estimates (with 95 % CI) of full ACE and best-fitting models for the
GHQ scales and total score at two time points

Time 1 Time 2
Scales 8 & ¢t e P &
Somatic Symptoms 0-35 (0-18-0-42) 0-02 (0-00-0-13) 0-63 (0-58-0-71) 0-37 (0-04-0-52) 0-02 (0-00-0-22) 0-61 (0-48-0-78)
0:37 (0-35-0-42) — 0-63 (0-58-0-69) 0-39 (0-25-0-52) — 0-61 (0-48-0-75)
Anxiety 0-38 (0-25-0-45) 0-02 (0-00-0-11) 0-60 (0-55-0-60) 0-18 (0-01-0-50) 0-24 (0-02-0-39) 0-58 (0-44-0-70)
0-40 (0-35-0-46) — 0-60 (0-55-0-64) 0-50 (0-37-0-60) — 0-50 (0-40-0-63)
Social Dysfunction  0-20 (0-07-026)  0-00 (0-00-0-09)  0-80 (0-74-0-86)  0-31 (0-01-046)  0-00 (0-00-0-20)  0-69 (0-54-0-87)
0-20 (0-14-0-26) — 0-80 (0-74-0-86) 0-31 (0-15-0-46) — 0-69 (0-54-0-85)
Severe Depression  0-31 (0:12-0-46) 009 (0:00-0-23)  0-60 (0-53-0-68)  0-26 (0:00-0-51)  0-10 (0-00-033)  0-64 (0-48-0-83)
0-42 (0-36-0-48) —_ 0-58 (0-52-0-64) 0-39 (0-23-0-53) — 061 (0-47-0-77)
Total Score 0-38 (0-23-0-48) 0-05 (0-00-0-16) 0-57 (0-51-0-63) 0-35 (0-00-0-60) 0-12 (0-00-0-36) 0-53 (0-40-0-71)
0-44 (0-39-0-50) — 0-56 (0-50-0-61)  0-51 (0-38-0-62) — 0-49 (0-38-0-62)

K, Heritability.

(only 27 % for the GHQ total score). For Social
Dysfunction, environmental and genetic influ-
ences contribute equally to the phenotypic
correlation (50 % each).

Extreme group heritabilities of the
GHQ) distribution
To test the hypothesis that heritable influences
may exist at the low end as much as at the high
end of the GHQ, influencing the tendency to
have a persistently low score as well as a per-
sistently high one, we performed extreme group
heritability analyses (Purcell & Sham, 2003).
Two groups were analysed: probands selected
for having a score in the top 10 %, and probands
scoring in the lower 10 % of the distribution.
For the top 10% selection (85 MZ and 257
DZ pairs), common environmental influences

were non-significant (Ayf,=0-1, P=0-75), and
estimated group A? of the AE model was 0-48
(95 % CI:0-39-0-56). Analysis of the lower 10%
group (99 MZ and 224 DZ pairs), showed a
similar pattern. Common environmental influ-
ences were nonsignificant (Ayf),=0-1, P=0-75),
and estimated group A® of the AE model was
0-43 (95% CI: 0-33-0-53).

DISCUSSION

This is the first study to investigate the gen-
etic structure of the GHQ-28 in a twin sample
measured at two time points. For none of
the scales, common environmental influences
were found to be significant. Additive genetic
effects sufficiently explained family resemblance
in all scale scores and the total GHQ score.
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Table 5. Partitioning of longitudinal phenotypic correlations of GHQ scale scores and
GHQ total score

Additive genetic paths

Non-shared environmental paths

Contribution to phenotypic

correlation by % of phenotypic

correlation

Scale Time 1 Time 2 Time 1 Time 2 re re A E accounted for by A
Som Symp 0-61 0-62 0-79 0-78 0-80 026 0-30 0-16 65
Anxiety 0-63 0-71 0-78 071 075 026 0-34 014 71
Social Dysf 0-45 0-56 0-89 0-83 075 026 0-19 0-19 50
Depression 0-64 0-62 0-76 0-78 0-80 029 032 0-17 65
Total Score 0-66 0-71 075 0-70 069 022 0-33 012 73

The phenotypic correlation is the sum of contributions by A and E; r,=genetic correlation; r. =correlation due to E.

Som Symp, Somatic Symptoms; Social Dysf, Social Dysfunction.

Heritability estimates were substantial, ranging
from 20% (Social Dysfunction) to 44 % (total
score). For all but the Social Dysfunction scale
scores and the total score, genetic influences,
contribute more to the phenotypic correlation
between time 1 and time 2 than do environ-
mental influences.

How can we explain these substantial herita-
bility estimates and the relatively high genetic
correlations over time given that the GHQ-28 is
a state rather than a trait measure? The herita-
bility estimate for the Anxiety scale (40%) is
in accordance with estimates reported by other
studies (Roy et al. 1995). Heritability estimates,
reported for depression, vary as a result of both
the definition of depression used and the group
in which it is measured. Severe depression in
hospitalized selected cases show high heritability
estimates of around 80 % (McGuffin et al. 1996).
Questionnaire data of the normal range of de-
pressive symptoms in unselected twin samples
show small genetic influences (15%) if symp-
toms were reported with regard to ‘the last
week’ (Kendler er al. 1991) and moderate heri-
tabilities (30-37 %) if symptoms regarded ‘past
30 days’ (Kendler et al. 1994). Interview based
DSM-II-R data showed heritability estimates
for 1-year prevalence of major depression of
42% (Kendler et al. 1992, 1993a), whereas
genetic influences for lifetime history of major
depression was reported to be between 63-83 %
(Kendler et al. 1995).

Our heritability estimate for Severe De-
pression measured over the ‘last couple of
weeks’ (42%) and the heritability of the total
GHQ score (44%) are in accordance with re-
ported heritabilities of 1-year prevalence of
major depression (Kendler et al. 1992, 19934),

and thus, higher than expected. We also observe
that the test-retest correlations between visit 1
and 2 are substantial (between 0-7-0-8) es-
pecially given the long mean time lapse of 3-5
years. This stability is consistent with other
personality-like traits (Duncan-Jones et al. 1990;
Kendler e al. 1994). Kendler et al. (1994) sug-
gested that, although self-report questionnaires
are designed to measure ‘state’ depressive symp-
toms and anxiety, they might to a large extent
reflect stable traits like neuroticism. An ad-
ditional support for this explanation, given by
our data, is the high genetic correlation between
time points, indicating that genes impacting at
time 1 are likely to also affect time 2. Secondly,
genetic factors substantially contribute (73 %)
to the phenotypic correlations between time 1
and time 2 of the total GHQ score. This effect is
more likely to occur for trait-like attributes i.e.
1-year prevalence of major depression for which
genetic effects were found to be entirely stable in
a one-year interval (Kendler ef al. 1993 a).
However, there are other possible mechan-
isms to explain substantial heritabilities for self-
report questionnaire ‘state’ scores. First, ques-
tionnaire data may reflect the reporting rather
than the actual occurrence of events/symptoms.
When relying on these ‘indirect’ assessments we
can not rule out the possibility that the results
are due to genetic effects on ‘reporting behav-
iour’ or the tendency to ‘complain’ (Kendler &
Karkowski, 1997). Another possible explanation
for relatively high heritability estimates of de-
pression is the ‘genetic control of exposure to
the environment’ or genetic correlation. This
means that genetic factors influencing the liab-
ility to e.g. major depression may in part exert
their effect indirectly by altering an individual’s



800

probability of exposure to depressogenic en-
vironments. The first indication for this effect is
the fact that even ‘environmental’ variables like
stressful life events show genetic influences be-
tween 20 and 40 % in children, adolescents and
adults (Plomin ef al. 1990; Kendler et al. 1993 5;
Billig et al. 1996; Thapar & McGuffin, 1996)
and the existence of a genetic correlation be-
tween the environmental measures and the trait.
Kendler & Karkowski (1997) explored the re-
lationship between genes for life events and de-
pression: a high genetic risk for depression was
associated with an increased risk of experiencing
life events and 10-15% of the impact of genes
on risk for major depression is mediated through
stressful life events. When genetic correlation
exists and is not controlled for, the effect will be
estimated in the heritability component (Neale
& Cardon, 1992).

We investigated the existence of differential
heritable influences at the high and low extremes
of the GHQ distribution. Group heritabilities
for the top and bottom 10% tails of the distri-
bution showed to be very similar (48 % and
43 %, respectively) with largely overlapping
confidence intervals. This result is remarkable
since this questionnaire was designed as a screen-
ing instrument to detect psychiatric cases in the
community, and, therefore, discrimination is
expected to be better at the top end of the scale.
These results suggest that the genetic control of
resilience seems to be as important as the genetic
control of vulnerability.

The findings should be interpreted in the
context of some potentially important meth-
odological limitations. First, the results (herita-
bility estimates and genetic stability over time)
are applicable to (middle-aged) females, and may
not generalize to other groups in the population.
Secondly, this twin sample is from a volunteer
register based on recruitment through advertise-
ments. Volunteer bias for participants interested
in medical research can not be totally ruled
out. However, sociodemographics of this twin
sample show close agreement with non-twin
singleton samples (Andrew et al. 2001). Also, the
effects of sex, age, and social class on the GHQ
scores at time point 1 are in agreement with
the effects found in the ‘normal’ population
(Goldberg & Hillier, 1979). Thirdly, the longi-
tudinal results should also be interpreted while
noting that at the second visit the twins were
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significantly older: 71 % of the sample was older
than 50, as compared to 47 % at the first visit.
However, this effect is not reflected in obvious
differences in means between time points.
Fourthly, at time point 1, DZ pairs have signifi-
cantly higher means on all scales and the total
GHQ score. A possible explanation for this, is
that the effort of testing more DZ compared to
MZ twins, may have led to ascertainment of
more ‘depressed’, and ill-motivated DZ twins,
who were only willing to be tested and inter-
viewed after two or more invitations. It is not
clear how the distortion of means might influ-
ence the DZ correlations and, therefore, the
results of the genetic model fitting. The differ-
ences in means across zygosity groups were ac-
counted for in all genetic analyses (i.e. were not
constrained to be equal).
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